Immunomodulatory effects of procainamide metabolites: their implications in drug-related lupus.
Evidence suggests that N-oxidized metabolites of procainamide may be responsible for the development of lupus-like symptoms associated with procainamide therapy. The human hepatic microsomal metabolism of procainamide has been previously reported to result in formation of the N-hydroxylamine derivative of procainamide (procainamide hydroxylamine [PAHA]). The objective of this study was to examine the effects of PAHA on human lymphocytes and adherent cells (monocytes and macrophages). When incubated with lymphocytes in whole blood, PAHA enhanced the response to mitogen and immunoglobulin secretion at lower concentrations (less than or equal to 4 mumol/L) but suppressed these functions at higher concentrations. The cytotoxic effects were nonselective for T lymphocytes and B lymphocytes and appeared to involve an interaction between PAHA and hemoglobin. When erythrocytes were removed or when hemoglobin was converted to carboxyhemoglobin, the suppressive effects of PAHA on lymphocytes were reduced. PAHA stimulated interleukin-1 production by adherent cells at 25 mumol/L but had no effect at lower concentrations. Superoxide anion release was unaffected by PAHA in "resting" adherent cells. Pretreatment with PAHA (2 mumol/L) diminished superoxide release in response to stimulation by phorbol myristate acetate (PMA) or latex bead phagocytosis but augmented superoxide release when coincubated with PMA or latex. These observations indicate that PAHA produces complex, concentration-dependent interactions with human immunoregulatory cells, and they suggest that the effects of PAHA on lymphocyte function may result from the further oxidation of PAHA by hemoglobin, perhaps to the nitroso form.